INTRODUCTION
underestimation may be caused by the small volume of tissue obtained with core needle biopsy, which is not sufficient to distinguish DCIS from invasive carcinoma (2) . Preoperative prediction of DCIS underestimation is important for proper treatment planning including axillary staging and prognosis prediction (11) . An underestimated DCIS measuring more than 2 cm in diameter may be upgraded into IIA or greater stage through surgery, while DCIS without underestimation are stage 0 regardless of their size (12) .
Dynamic contrast enhanced magnetic resonance (DCE MR) imaging is one of the sensitive modalities for differentiating invasive lesions from benign lesions (13) . Previous studies have reported that DCIS tends to have delayed and decreased enhancement, and longer time to peak values on DCE MR imaging compared to invasive carcinoma (11, 14, 15) . This trait can be exploited to distinguish between DCIS and invasive carcinoma through DCE MR. Recent studies have shown that diffusion-weighted (DW) imaging can also be used to differentiate malignant from benign breast lesions based on low diffusivity in carcinoma due to higher cell density (16) (17) (18) . Furthermore, DW imaging is useful for distinguishing DCIS from benign lesions and even discriminating between grades of DCIS (19, 20) . The mean apparent diffusion coefficient (ADC) value for DCIS on ADC mapping images was higher than that of invasive cancer (18, 21) .
In light of these supportive results, the aim of this study was to investigate roles of DCE MR and DW imagings in preoperative prediction of underestimation of DCIS 2 cm or more, which were detected on ultrasound (US) and underwent US guided core needle biopsy.
Patients
Our institutional review board approved this retrospective study, and the requirement for informed consent was waived. Between July 2010 and June 2011, 98 women had US detected lesions and were diagnosed with DCIS with US-guided core needle biopsy. Thirty-six of the 98 patients who had lesions measured more than 2 cm in maximal diameter on DCE MR were included. Lesions less than 2cm in maximal diameter were excluded because accurate lesion identification on ADC map was difficult in some cases. Fourteen patients were later excluded from the study: 10 were excluded because of different MR protocol, 2 did not undergo breast MR, and 2 underwent breast MR at different institutions. Finally, 22 patients with b values of 0 and 600 were included in this study. The mean age of the patients was 48.1 years (range, 32-73 years).
US examination, and US guided core needle biopsy
All breast US examinations and US guided core needle biopsies were performed by 11 dedicated breast imaging radiologists with 1-17 years of experience in breast imaging with iU22 or HDI 5000 (Philips-Advanced Technology Laboratories, Bothell, WA, USA), or Logic 9 (GE Medical Systems, Milwaukee, WI, USA) and 5-12 or 7-12 MHz linear array transducers. US guided biopsy was performed for these lesions using a 14-gauge automated TSK stericut core biopsy needle (standard type with Coaxi, TSK, Japan) at least five passes.
MR image acquisition and post-processing
Breast MR imaging was performed in the prone position, using a 3.0-T scanner (Trio Tim; Siemens Medical Solutions, Erlangen, Germany) equipped with a dedicated four-channel breast array coil, at least 5 days after biopsy. The following images were acquired after obtaining localizer images: T1-weighted non-fatsuppressed coronal sequence ( 
Data and statistical analysis
The standard reference was based on the histopathology of surgery. The group with underestimation was diagnosed with DCIS by US-guided core needle biopsy, and later found to have invasive cancer at breast surgery. The group without underestimation was diagnosed with DCIS at both US guided core needle biopsy and surgery. The median age of two groups were calculated and compared using Mann whitney U test. The palpability and menopause status of two groups were compared using Fisher's exact test. MR images including DCE MR and DW imaging were retrospectively reviewed and analyzed for this study by a radiologist with 9 years of experience in breast imaging. The radiologist was blinded to the final histopathologic results. DCE MR and DW images were analyzed with a computer aided detection system (CADstream software, version 5.2.8.591, Merge Healthcare, Milwaukee, WI, USA). The lesion size (transverse diameter, longitudinal diameter, and anterior posterior diameter) was also automatically measured on DCE MR at 2 minutes. Based on DCE MR, lesion types were classified as either a mass or a non-mass like enhancement. The enhancement pattern was automatically measured on the two minute enhancement image and classified as washout, plateau, and persistent. If the signal intensity decreased by greater than 10%, then the pattern is defined as washout, and increased by greater than 10%, then the pattern is defined as persistent (22) . The peak enhancement within a lesion, which was determined to be highest enhancement within the lesion based on the pre-contrast image. The enhancement pattern and peak enhancement were automatically obtained when the radiologist depicted the lesion on the CADstream software ( Fig. 1a and b) . The region of interest (ROI) was manually drawn on the ADC map and the ADC value of the lesion was depicted by a voxel with CADstream software (Fig. 1c and d) The median age of the patients in the groups with and without underestimation were 42 years and 47.5 years respectively, and the difference was not significant (P value = 0.759, Table 1 ). The palpability and menopausal status were not different between the two groups (P values = 0.193 and 1.000, respectively).
The median size of lesions measured on DCE MR was 42 mm in the patients without underestimation (range; 20-60 mm), larger than of those with underestimation (28.5 mm, range; 20-87 mm), but the difference was not significant (P value = 0.250). The lesion type and enhancement pattern were not significantly different between two groups (P values = 1.000 and 0.613, respectively). The median peak enhancement of lesions with DCIS underestimation was 159.5%, higher than 133.5% of lesions without underestimation, but there was no statistical significance (P value = 0.413). The median ADC value of lesions with DCIS underestimation was 1.26 10 -3 mm 2 /sec, lower than that of lesions without underestimation (1. 35 10 -3 mm 2 /sec) but not statistically significant (P value = 0.094, Figs. 1 and 2 ).
US-guided core needle biopsy may underestimate the invasiveness of breast cancer to DCIS or ADH or underestimate DCIS to ADH, because the core biopsy specimen only represents some part of the whole lesion (1, 2, 4, 5, 9, 19) . The underestimation of our study was found in 36.4% of patients with the initial diagnosis of DCIS, which is comparable with previous studies that report underestimation in 15-55.5% of patients (1, 2, 4, 5, 19) .
It is important to preoperatively determine the invasiveness of breast lesions diagnosed with core needle biopsy because axillary staging is generally not necessary for patients without DCIS underestimation but patients with DCIS underestimation may lead to a second operation to determine axillary staging (23, 24) . Invasive carcinomas more than 2 cm in diameter can be changed into stage IIA at surgery regardless of lymph node metastasis, but a DCIS of any size is stage 0 (12). The 5-year survival rate of patients with invasive tumors of stage IIA is 81%, while the patients with DCIS showed 93% survival rate (25) . Thus, accurate preoperative prediction of DCIS underestimation is essential for planning treatment and estimating a prognosis (11) .
Breast MR imaging is a non-invasive and highly sensitive modality for the detection of breast carcinoma and an important preoperative staging tool for patients with breast carcinoma on biopsy (26) (27) (28) . As mammography cannot detect non-calcified DCIS and may underestimate the extent of disease, and USguided core needle biopsy may underestimate the invasiveness of breast cancer, as we mentioned already, there have been studies to evaluate usefulness of breast MRI to characterize DCIS (9, 29) . Some of the studies proposed that DCIS demonstrates segmental or regional distributed non-mass like enhancement, with clumped enhancement with higher ADC value than that of invasive disease which can be helpful for precise diagnosis of DCIS using breast MRI (18, 20, 29) . However, none of the study have been performed to evaluate value of DCE MR and DW imaging especially in detection of DCIS underestimation, thus we evaluated usefulness of DCE MR and DW imaging in prediction of DCIS underestimation. DCE MR imaging is used to characterize the breast lesions using the rate of contrast uptake and washout. This measure reflects the perfusion and diffusion of contrast materials into the breast lesion (30) . Unlike invasive carcinoma with rapid enhancement and washout curves, DCIS tends to show delayed and decreased enhancement (30, 31) . The kinetic curve of invasive carcinoma of fast contrast material uptake and a rapid washout is more accentuated when the invasive carcinoma extends to a axillary lymph node (11) . The kinetic pattern can predict the invasiveness of breast carcinoma as well as lymph node metastasis (11) . For kinetic pattern analysis, we used CADstream software because previous studies showed that CADbased analysis improved the discrimination of benign from malignant breast lesions at MRI by providing more objective and detailed information (32, 33) .
DISCUSSION
Furthermore, different enhancement pattern in delayed enhancement between DCIS and invasive carcinoma was also observed in the study using CADstream software (34) . In our study, patients with DCIS underestimation showed higher peak enhancement percentages compared to those without (159.5% vs. 133.5%) though the difference was not statistically significant (P value = 0.413). Although the results of our study did not show statistical significance due to limited sample size, they were consistent with the hypothesis that kinetic curve may reflect the invasiveness of the lesion (11, 35) . In this study, we also analyzed lesion type according to the mass like or non-mass like enhancement on DCE MR and there was no significant difference between the group with or without underestimation (P value = 1.000). This may account for inclusion criteria of the study, which only included the lesions detectable on US, thus nonmass like enhancement lesion has a potential to be missed on US (31, 36) . DW imaging also reflects the tissue cellularity and helps differentiate malignant lesions from benign ones (18-21, 37, 38) . ADC values show negative correlation with cellular density, thus highly cellular lesions, such as invasive carcinoma, have lower ADC values than DCIS (18-21, 37, 38) . The association between ADC value and DCIS grade shows negative correlation (19 (18-20, 39, 40) .
This study had several limitations. First, DW imaging was performed after DCE MR imaging in our study.
Contrast material decreases the ADC values though there is not statistical significance in some studies (37) . The purpose of our study was to compare the ADC values of DCIS with or without underestimation and so this MR protocol did not impact the result of our study. Second, we included only DCIS diagnosed with US guided core needle biopsy. DCIS with microcalcifications only found on mammography underwent stereotactic biopsy. Stereotactic biopsies were performed at our institution using a vacuum-assisted device with 8 or 11 gauge needles, and were, therefore, not included. Third, a single reader evaluated ADC values with manually drawn ROIs on ADC maps and intra-observer variability was not assessed, although the mean ADC value was used after three measurements. Forth, MR imaging was performed at least 5 days after biopsy in our study. This may cause post-biopsy changes such as hemorrhage and fluid collection, even it is infrequent on MR imaging as reported as 3% (41). In our study, the ADC value was obtained at solid mass excluding gross hemorrhage if existed, however hemorrhage which was not visualized in the ADC map might impact the ADC value. Fifth, this study included a small number of patients and the results were not statistically significant. A large-scale prospective study is needed to verify our findings.
In conclusion, ADC values had the potential to preoperatively predict underestimation of DCIS on US-guided core needle biopsy, although a large prospective series study should be conducted to confirm these results. 
